Study Design: Retrospective case series.
D
egenerative disease of the lumbar spine has a high lifetime incidence in US adults. A significant minority of cases may benefit from surgical intervention, including posterior lumbar fusion procedures. Degenerative spine disease is believed to begin in the intervertebral disk, as it dessicates with age. There is often a subsequent loss of both disk height and tensile strength of the annulus fibrosis. Spine instability, secondary to this process, has led to the development of fusion procedures as a way to decrease the motion of a given segment and decrease back or leg pain from segmental instability. However, the relationship between instability and back or leg pain is not well established. 1 Also, fusion correlates with, but does not always result in, a successful clinical outcome. 2, 3 An adverse effect of spinal fusion procedures has been postulated to be adjacent segment degeneration (ASD), namely the hypothesis that fusion at 1 level of the spine increases the likelihood of degenerative change at adjacent levels. [4] [5] [6] [7] This degeneration occurs because abnormal forces and motion are created at adjacent segments, even though the global motion of the spine is largely unchanged. 1 Concern about ASD led to the development of new technologies deemed dynamic stabilization.
Polyetheretherketone (PEEK) rods made by Medtronic (CD-Horizon Legacy PEEK rods; Minneapolis, MN) have recently become available as an alternative to metal rods for use with pedicle screws to perform posterior lumbar fusions. Although not marketed as a dynamic stabilization device, it has a less rigid profile than its usual metallic counterpart, and therefore, would create a less rigid construct in the posterior lumbar spine. This has the potential to allow some motion of the segment, potentially decreasing construct failure and ASD. The rigidity of the construct may prevent screw loosening, which is a risk with the motion of a dynamic device. 1, 8 It also would have reduced scatter artifact with computed tomography (CT) or magnetic resonance imaging of the spine in comparison to its metallic counterpart, making follow-up imaging easier to interpret. 9 Little published data exists regarding the short-term or long-term outcomes of patients with these devices. 1 The aim of our study was to evaluate a series of patients treated with PEEK rods in the treatment of degenerative lumbar spine disease and identify rates of reoperation for nonfusion or ASD.
MATERIALS AND METHODS

Patient Population and Study Variables
Forty-two consecutive patients underwent instrumented fusion using PEEK rods for degenerative lumbar spinal disease from January 2007 to June 2009 by the senior author. Indications for surgery included axial back pain with or without radiculopathy and lower extremity weakness. Demographic data was collected retrospectively along with all clinical information available in the chart. Follow-up postoperative radiographic imaging was compared with preoperative and immediate postoperative imaging. Reoperation rate, fusion rates, and ASD were evaluated. Fusion rate was assessed by evaluating postoperative radiographs for evidence of bridging bone between the fused segments (as compared with preoperative or immediate postoperative imaging). Radiographs were obtained during the immediate postoperative period and again 6 months after surgery. Some patients also had later CT scans or radiographs for various indications, depending on the length of follow-up. The groups were subdivided into smokers and nonsmokers, and by sex, age, levels of operation, and whether an interbody graft was utilized to evaluate for confounding variables. All smokers were actively smoking during their perioperative period and had at least a 10-pack year smoking history. Patients who quit smoking for >5 years before the perioperative period were included in the nonsmoking cohort. Follow-up was evaluated using the last documented medical record of the patient or last radiographic image obtained. Local Institutional Review Board approval was obtained for this study.
Surgical Technique
The standard open technique for lumbar decompression and fusion was used. In brief, the patient was positioned prone and a midline lumbar incision was made. Soft tissue was dissected from the bone until the lateral edges were visible. Pedicle screws were placed and tested using neurophysiological monitoring. Posterior bony decompression was performed at the appropriate levels. The degenerated disk was replaced with an interbody spacer using a transforaminal technique in most cases, when appropriate. Local bone graft from the lamina and demineralized bone matrix were used in all cases. Rods were attached and tightened. The wound was irrigated and closed with a drain.
Statistics
The Fisher exact test was used to evaluate for differences between variables.
RESULTS
Forty-two patients (17 women and 25 men) were included in the study ( Table 1 ). The mean age of the patients was 53.7 years (range, 31-83 y). Eighteen patients were smokers and 24 were not. Those patients who had quit smoking were included in the nonsmoking cohort (2 patients). Thirty-one of the patients had preoperative radiculopathy, 11 did not, and 1 patient had leg weakness. The mean follow-up was 31.4 months and the median 35.5 months (range, 3-62 mo).
Eight of 42 (20%) patients underwent a further surgery secondary to the progression of lumbar spine degenerative disease or instrumentation failure. Examples of reoperation are included in (Figs. 1 and 2 ). The most common reason for revision was adjacent level disease: 5 of 8 reoperations (62.5%). Other reasons for reoperation included cage migration (2) and instrumentation failure from a fractured screw (1). There was 1 wound washout for infection without hardware removal.
Radiographs taken at least 6 months after the date of surgery that demonstrated clear bony fusion or lack of bony fusion were available for evaluation in 28 of the patients, 25 of which demonstrated fusion (89.3%). All patients radiographically fused were confirmed by CT scan.
An evaluation for confounding variables showed no significant difference in the reoperation rates for instrumentation failure or ASD between groups: smokers and nonsmokers-6/18 (33.3%) versus 4/24 (16.7%) (P = 0.156), age 55 years or younger and age older than 55-57/30 (23.3%) versus 3/12 (25%) (P = 1.0), male patients and female patients-8/25 (32%) versus 2/17 (11.7%) (P = 0.16), single and multilevel fusion-6/30 (20%) versus 4/12 (30%) (P = 0.43), and interbody fusion and posterior fusion-7/26 (26.9%) versus 3/16 (18.75%) (P = 0.71). Therefore, only smoking approached significance in reoperation rate among tested variables.
DISCUSSION
The annual incidence of reoperation secondary to ASD after athrodesis in the lumbar spine has been shown to be 2.5%-28.4% with a 10-year prevalence of 11%-100%. [10] [11] [12] [13] [14] These results have led to attempts to develop technologies reducing ASD risk in fusion procedures, termed "dynamic stabilization." It is hypothesized that constructs that utilize dynamic stabilization restore functional stability while maintaining some of the intersegmental motion, thus, reducing ASD. 1, 15 Other advantages were believed to include a reduction in instrumentation failure (fracture) with some baseline give or motion in the construct. A number of devices were developed using this model. 1 Early attempts included the use of unconstrained systems, in which screws are affixed directly to vertebrae through plates with no restrictions to the screw motion in the sagittal plane. The goal was that if the construct moved, the screw would loosen or back out, so instrumentation failure would be less likely. 16 However, unconstrained systems did not provide much rotational control, so the load change from a tensile to a cantilever force might result in more frequent screw pullout or fatigue fracture than would occur with a rigid device. 16, 17 Once these theories were tested prospectively, unconstrained devices were found to have a lower fusion rate and higher fracture rate than constrained/rigid devices and were largely abandoned in the lumbar spine. 16 Constrained systems come with their own set of complications. Adverse stress-shielding effects with rigid devices are believed to contribute to ASD because anterior and posterior spinal elements do not have optimal load-sharing characteristics, and the kinematic behavior of the instrumented segments no longer matches that of the normal spine. 18 This conclusion has led to the hypothesis that more compliant materials might restore normal kinematic behavior, allowing optimal load sharing while maintaining enough rigidity to stabilize the spine and prevent pathologic motion at the instrumented segments. 9, 18 PEEK is a compliant material (elastic modulus 3.2 GPa vs. titanium (Ti) 114 GPa) that has been used for this purpose. 18 PEEK is a short-fiber thermoplastic composite first proposed for use in the spine about 20 years ago. 19 It has a known safety profile. Posterior lumbar rods made from PEEK are relatively new, however, with only limited information about their use. The results of cadaveric biometric testing have been reported by 2 laboratories. 9, 18 PEEK rods reduce the range of motion of a destabilized segment and show no significant difference in stability compared with Ti. 9 Static compressive bending tests (67-degree displacement) and torsion testing (30-degree rotation) did not fracture the PEEK rod or show yield or plastic deformation. 7 These results were similar to cadaveric testing of Ti rods in the same study. Another finite-element study was performed to test the stressshielding effects of rigid fusion devices versus rods made of more compliant materials, including PEEK. 18 After a 400-N load was applied to simulate the load on the lumbar spine in a neutral posture, the axial compressive loads transmitted through the devices were predicted to be 109.8 N for PEEK and 266.8 N for Ti. 18 The axial forces across the devices with facet joints were predicted to take 33% (PEEK) and 71% (Ti) of the applied compression load. 18 These results confirm that there is a substantial reduction in stress-shielding characteristics with PEEK devices. 18 The improved anterior column load sharing and reduced stress at the bone-to-screw interface was believed to potentially lower the possibility of implant failure. 9, 18, 20 Two case series have reported on their use previously in the literature. One small case series showed that PEEK rods performed well in 3 patients with varying indications and procedures, and a more recent case series in 30 patients demonstrated a low risk of mechanical failure with only 1 hardware failure, and 1 reoperation for infection, in 18 months of follow-up. 21, 22 No discussion in either study was made regarding ASD or reoperation for other reasons.
Although the biomechanical properties of PEEK rods show improved stress-shielding characteristics and anterior load-sharing properties, these may be of little clinical consequence in vivo. Thus, we performed a retrospective review of a series of patients treated with lumbar fusion with PEEK rods for degenerative spine disease. Our series is the first large series in the literature to evaluate reoperation and fusion rates, and ASD, after lumbar fusion with PEEK rods in degenerative spine disease with more than 2 years of follow-up.
Smoking is the only variable tested that approaches significance in predicting reoperation for instrumentation failure or ASD. Three of 42 patients experienced hardware failure; 2 from movement of the interbody device, and 1 from screw fracture. These hardware failures may have been due to the increased motion in the screw-rod construct. In addition, 5 patients developed not only radiologic evidence of ASD, but went on to reoperation for radicular symptoms at adjacent levels. After replacement in these patients with a traditional Ti rod construct, no patient has required reoperation, although this secondary follow-up is limited. Although all series in the literature have a relatively short follow-up, there is no evidence that PEEK rods are superior to Ti rods in resulting fusion, and there may actually be an increased risk of reoperation in comparison with fusion using Ti rods. In addition, the cost of a 1-level construct with PEEK rods and Ti screws (4 screws and 2 rods) exceeds that of the same instrumentation all from Ti ($10,628 vs. $8922 for PEEK vs. Ti, respectively). 23 For these reasons, PEEK rods are no longer used by the senior author.
CONCLUSIONS
PEEK rods in lumbar degenerative spine disease have a fusion rate of 89.3% and a reoperation rate of 19.1% in this small case series, and may not provide any
